To estimate the possibilities of applying nanocomposites on the basis of saponite to increase biometric indices of corn hybrid Kharkivsky 340 MV. Methods. laboratory (method of scanning electronic microscopy, method of À uorescence induction of chlorophylls, spectrophotometric method of determining the number of green pigments, methods of determining biometric indices of plants), statistical. Results. This article presents the results of investigating the impact of nanocomposites on biometric indices of corn hybrid Kharkivsky 340 MV. It was established that presowing treatment of corn seeds with aqueous solutions of nanocomposites on the basis of saponite in the concentration of 300 mg/l stimulated growth indices of plants. Presowing soaking of seeds in nanocomposite solutions increased the energy of germination, sprouting and length of hybrid corn seedlings. The action of nanocomposite Nb-saponite (Et) in the concentration of 300 mg/l leads to the increase in the germination energy by 10.6 %, the length of a stem part -2-fold, root system -by 30.3 % and the laboratory germination of seeds is 100 %. The height of a stem of corn plants in the phase of three leaves after presowing treatment of seeds with nanocomposites Saponite (H), Nb-Saponite (Cl) and Nb-Saponite (Et) in the concentration of 300 mg/l exceeded the control by 31.7, 26.2 and 42.7 %, and the length of the root system increased twice. The action of Saponite (H) and Nb-Saponite (Cl) led to the increase in the number and length of the main roots of corn, and Nb-Saponite (Et) stimulated the development of additional roots and formation of root ¿ brilla. The presowing treatment of corn seeds with the solutions of nanocomposites Saponite (H), Nb-Saponite (Cl), Nb-Saponite (Et) in the concentration of 300 mg/l promoted the increase in the vegetative mass by 35, 27.9 and 56.4 % compared to the control. At the impact of nanocomposites, the area of the leaf plate of plants increased by 20.4 % on average. There was an increase in the sum of chlorophylls (a + b) in plants, whose seeds were previously treated with nanocomposites Nb-Saponite (Cl) and Nb-Saponite (Et) in the concentration of 300 mg/l by 41.2 and 40.6 % compared to the control. Conclusions. The application of nanocomposites on the basis of saponite in the concentration of 300 mg/l for presowing treatment of corn seeds of hybrid Kharkivskyi 340 MV promoted the activation of growth indices and improved the process of photosynthesis.
INTRODUCTION
At present Ukraine's agrarian sector needs new environmentally safe and ef¿ cient preparations for treatment of agricultural crops, which would enhance seeding qualities, stimulate growth indices and performance and protect a plant from unfavorable factors, but would not pollute the environment.
Traditionally salts of heavy metals and chelate compounds are used as microfertilizers in Ukraine and in the world, due to which there is accumulation of salts ESTIMATION OF THE EFFICIENCY OF APPLYING NANOCOMPOSITES of heavy metals in the environment and aggravation of its ecological condition [1] . Thus, the use of a new kind of microfertilizers, based on nanoparticles, has found wider application.
A promising direction of using nanoparticles is deemed to be their application in very low concentrations with the purpose of obtaining environmentally pure products [2] .
The main aspect of nanotechnology development in plant cultivation is the production of new kinds of microfertilizers based on nanomaterials. Among various nanomaterials, considerable popularity was noted for nanocomposites which combine nanoparticles, located in the structure-forming material -a matrix [3] . Nanocomposites on the basis of saponite are promising meliorants of complex action, which promote greater harvest and increase the accumulation of resources of available nutrients of nitrogen, phosphorus, potassium, and also calcium and magnesium in soil [4] [5] .
Nanoparticles of oxides of metals enhance the ef-¿ ciency of processes in plants and participate in the formation of microelement balance [1] . Ukrainian and foreign scientists demonstrated in their works that the use of nanopreparations, based on nanoparticles of oxides of metals led to enhancing of photosynthetic processes, growth indices, and performance of agricultural crops [6] [7] [8] [9] [10] [11] .
Some concentrations of iron nanoparticles may increase the performance of cereal crops in the range from 10 to 40 %. It was established that presowing treatment of rapeseed using iron nanopowders led to the development of the root system, the increase in photosynthetic surface and water-retaining capability of leaves, their resistance to diseases and, as a result, to improving the performance and quality of products [12] . The improvement of photosynthetic processes in legumes and the increase in germination and energy of sprouting was observed while using nanocomposites. Nanomaterials found their application in after-harvest processing of sunÀ ower, tobacco, potato, apples [5, 13] .
The aim of our study was to estimate the possibilities of applying nanocomposites on the basis of saponite to increase biometric indices of corn hybrid Kharkivsky 340 MV.
MATERIALS AND METHODS
The study was conducted in the laboratory of biosensorics of the National University of Life and Environmental Sciences of Ukraine. In 2012-2017 there were physical-chemical and biological studies on 3 samples of nanocomposites based on synthetically created minerals -saponites, synthesized at the CNR-Institute of Molecular Technologies, Milan, Italy. The nanomaterials were provided in the framework of NATO project No. NUKR.SFP 984481. Nanominerals under study: 1). nanocomposite Saponite (ɇ); 2). nanocomposite Nb-Saponite (Et); 3). nanocomposite Nb-Saponite (Cl).
The microstructure of nanocomposites was studied by the method of scanning electronic microscopy (SEM) using Leo 1550 Gemini SEM (Sweden), at the voltage in the range of 10-20 kV and the standard diaphragm value of 30 m. The samples of Saponite (H) had a somewhat triangular form which reÀ ected their tetragonal structure. In conditions of dissolving, they agglomerated into larger spatial formations, but remained porous, with the size of pores at the level of 100 nm, which demonstrated a considerable area of their active surface. The samples of Nb-Saponite (Et) of triangular form were 20-30 nm thick. Nanocomposites Nb-Saponite (Cl) were over 30 nm, but similarly to the latter, they agglomerated with the formation of separate À akes. Previous works demonstrated and proved that nanocomposites on the basis of saponites are environmentally safe substances [14] [15] [16] .
The study on the impact of nanocomposites on the condition of plants was conducted using hybrid corn Kharkivskyi 340 MV. The scheme of studies envisaged different variants of treating seeds. The treatment was conducted by soaking corn seeds in nanocomposite solutions for 5 h as per 3 l/t respectively: control -seeds treated with water; variants 1, 2, 3, 4 -seeds treated with nanocomposite Saponite (H) in the concentration of 150, 300; 450; 600 mg/l respectively; variants 5, 6, 7, 8 -Nb-Saponite (Cl) in the concentration of 150; 300; 450; 600 mg/l respectively; variants 9, 10, 11, 12 -Nb-Saponite (Et) in the concentration of 150; 300; 450; 600 mg/l respectively.
Laboratory experiments on the impact of nanocomposites on corn were conducted on the basis of the laboratory of biosafety, the chair of molecular biology, microbiology and biosafety of the National University of Life and Environmental Sciences of Ukraine. A current method according to DSTU 4138-2002 was used to determine the germination of corn seeds. The energy of seed germination -the capability of its fast and thick germination -was determined together with laboratory germination [17, 18] .
The vegetation experiments were conducted in phytoclimatic chambers «Silver box evolution» (Ukraine) of the laboratory of biosensorics of the chair of molecular biology, microbiology and biosafety (2016) (2017) . Previously treated corn seeds of hybrid Kharkivskyi 340 MV were sown in a phytotron with plastic vials of 2-5 l, containing clay pellets as the backing mixture. Each vial had 10-12 plants, grown in 3-4 repeats. The plants were grown at 18-25 °ɋ, illuminated with SHP-TS Gro Lux lamp, the dark interval lasted 9 h, the light interval -15 h. The temperature was maintained at the level of 20-25/18-20 °ɋ (day/night).
The length of sprouts and roots was estimated with a ruler for each plant, which had a sprout and a root. The mass of the aboveground and underground parts was determined using digital analytical scales Ohaus Pioneer (USA). The area of the leaf apparatus was determined by its length, width, and transferring coef¿ -cient which was 0.67 for crops with the oblong form of leaves. The area was calculated by the following formula:
where A -area of the leaf, sq.cm; C -transferring coef¿ cient (0.67); L -length of the leaf, cm; W -width of the leaf [19] .
To determine chlorophylls ɚ and b, fresh leaves of corn were cut with scissors in small pieces and the sample of 500 mg was taken. The sample was placed into a porcelain mortar and ground with 5 ml of the solvent (96 % of ethyl alcohol) and silica sand. The obtained suspension was ¿ ltered into a dry measuring tube, the ¿ lter was washed with the solvent until complete removal of pigments. The obtained extract was poured into a tube of 50 ml with the addition of ethyl alcohol up to the mark, mixed well and passed through the spectrophotometer Unico 1205 (USA) at corresponding wavelengths. The concentration of pigments was calculated by the equations: 
where ɋ chl. ɚ , ɋ chl. b , ɋ chl. ɚ + chl. b -the concentrations of chlorophylls ɚ, b, and their sum, respectively, mg/l [20] .
The content of pigments (A) in the plant material, mg/g of raw mass, was calculated by the equation:
where ɋ -concentration of pigments, V -volume of the extract, ml (25 ml), W -weighed quantity of plant material, g (0.2 g) [21] .
The kinetics of changes in À uorescence induction of chlorophyll (FIC) was determined by a portable device, chronoÀ ourometer «Floratest» (Ukraine), in the laboratory of biosensorics of the chair of molecular biology, microbiology and biosafety at the National University of Life and Environmental Sciences of Ukraine. The adaptation of corn leaves to darkness was conducted for 5 min. The FIC parameters of plants were measured in the phase of three leaves in the central part of the formed leaf plate. The intensity of chlorophyll À uorescence was measured in three repeats for each variety, in 90 points with the time interval from 3 s to 300 s [22, 23] and then transferred into relative units. Microsoft Excel was used to build induction curves using the points and to analyze amplitude and temporal parameters of their separate phases [24] .
RESULTS AND DISCUSSION
Impact of newly synthesized nanocomposites on sowing qualities of corn seeds. High quality sowing material was used to obtain good harvest of agricultural crops. It is believed that harvest may be increased by 20-25 % if more quality seeds are used [18] . Germination is referred to the main indices, which characterize sowing qualities of seeds. It was proven that only while sowing seeds with high germination properties, established by the standard, one may obtain fast and thick sprouts and more productive plants. In other words, germination is a measure of viability of the sowing material. It is determined both in laboratory (optimal) and ¿ eld conditions. As a rule, laboratory germination exceeds the one in the ¿ eld. Scientists and specialists traditionally believe that the lower the laboratory germination of seeds is, the lower harvest is, obtained by sowing such seeds. The energy of seed germination is determined along with the laboratory germination and is believed to be its capability of fast and thick germination. It is natural that seeds, which are the ¿ rst to germinate, have higher vital power and form more productive descendants than the ones, which germinate later, thus, the biological value of germination energy is very important [25] [26] [27] .
The presowing treatment of seeds with aqueous solutions of nanocomposites on the basis of saponite in laboratory experiments promoted the increase in germination energy and sprouting for corn seeds ( Table 1 ).
The presowing treatment of corn seeds of hybrid Kharkivskyi 340 MV with nanocomposites demonstrated positive results in all the investigated concentrations. With nanopreparations, the germination energy exceeded the control by 8.93 % on average. The maximal increase in the germination energy by 10.66 % compared to the control was observed at the concentration of nanocomposite Nb-Saponite (Et) 300 mg/l. At the action of nanocomposites Saponite (H) and Nb-Saponite (Cl) in the concentration of 300 mg/l, the germination energy increased by 8.7 and 9.3 % respectively compared to the control.
When nanocomposites on the basis of saponite were used, the laboratory germination of corn seeds exceeded the control by 1.9 % on average. During the application of nanocomposite Nb-Saponite (Et) in the concentration of 300 mg/l, the value of this index was 100 % which demonstrates a high stimulating effect of this nanocomposite. Seed germination after presowing soaking in aqueous solutions of nanocomposites Saponite (H) and Nb-Saponite (Cl) in the concentration of The results of studies on the impact of nanocomposites on morphophysiological properties of corn seeds demonstrated that newly synthesized nanomaterials improved growth indices of stem and root parts of sprouts (Table 2) . Niobium-containing nanocomposites on the basis of saponite demonstrated a stronger stimulating effect regarding the length of the stem and root parts of corn seed sprouts compared to nanocomposite Saponite (H.) At the action of nanocomposite Saponite (H) the length of the root and stem parts of a corn seedling increased by 2.5 and 6.0 % on average respectively compared to the control. As for nanocomposite Nb-Saponite (Cl), the value of the stem part increased by 29.6 % on average compared to the control, and at the action of nanocomposite Nb-Saponite (Et) the average value of the stem part increased twice compared to the control. At the action of nanocomposites Nb-Saponite (Cl) and Nb-Saponite (Et), the root part of corn seedlings increased by 4.1 % and 25.38 % on average respectively compared to the control.
The data, presented in Table 2 , demonstrate that the best growth indices of the stem part of corn seedlings were observed for the use of nanocomposite Nb-Saponite (Et) in the concentration of 300 mg/l, when the length of the stem part of corn seedlings increased twice on average compared to the control. At the action of nanocomposite Nb-Saponite (Et) in the concentration of 300 mg/l the root part of corn seedlings increased by 30.25 % compared to the control (Fig. 1) .
The study on the impact of nanocomposites on morphological indices of corn. Further studies required planting corn seedlings into a phytoclimatic chamber. The plants were grown at 18-25 °ɋ, the dark interval lasted 9 h, the light interval -15 h. The temperature was maintained at the level of 20-25/18-20 °ɋ (day/ night). The investigation of masses and morphological indices of plants was conducted in the phase of three leaves.
The phase of 3-5 leaves is remarkable for corn plants during the vegetation period, as this is when plants are most sensitive to being overrun with weeds and to unfavorable weather conditions. The data in Table 3 demonstrates that the use of nanocomposites based on saponite improved growth indices of plants.
The indices of stem height and length of root system for corn plants in the control variant were 18.73 cm and 12.27 cm on average respectively. With the use of nanocomposites Saponite (H), Nb-Saponite (Cl) and Nb-Saponite (Et) in the concentration of 300 mg/l, the index of stem height increased by 31.7 %, 26.2 % and 42.7 % respectively compared to the control (Fig. 2) .
With the use of nanocomposites Saponite (H), NbSaponite (Cl) and Nb-Saponite (Et) in the concentration of 300 mg/l the length of the root system increased twice on average compared to the control (Table 3) .
While studying the impact of nanocomposites of the root system of plants it was observed that the action of nanocomposites Saponite (H) and Nb-Saponite (Cl) led to the increase in the number and length of the main roots of corn, and nanocomposite Nb-Saponite (Et) stimulated the development of additional roots and formation of root ¿ brilla (Fig. 3) .
This impact demonstrates the improvement in the intake of minerals, water and nutrients to plants, as the function of absorbing water and mineral substances, The analysis of the mass of control and experimental plants demonstrated (Fig. 4) that all the investigated nanocomposites promoted the accumulation of vegetative mass. The use of nanocomposites Saponite (H), Nb-Saponite (Cl), Nb-Saponite (Et) increased the mass of plants at the concentration of 300 mg/ml by 35, 28 and 56.43 % respectively compared to the control. Table 4 demonstrates that at the action of nanocomposites Saponite (H), Nb-Saponite (Cl) and Nb-Saponite (Et) the mass of the aboveground part of corn increased by 25, 10 and 36.25 % on average respectively compared to the control.
At the action of nanocomposites Saponite (H), NbSaponite (Cl), and Nb-Saponite (Et) the mass of the root system of corn plants exceeded control values by 16.3, 20.5 and 39.7 % on average respectively. Nanocomposite Nb-Saponite (Et) showed the best results in promoting mass accumulation of the aboveground and underground parts of corn plants. While using the nanocomposite material in the concentration of 300 mg/l, the mass of the aboveground part of corn plants increased by 57.5 % compared to the control, and the mass of the root system increased by 55 %. the intensity of photosynthesis, daily gain in vegetative mass, etc. [28] . The area of a leaf plate is considered to be one of the main indices which characterizes the condition of plantings from the standpoint of their photosynthetic activity [29] . It was established that the larger area of leaf surface is, the faster the accumulation of organic matter by agricultural crops is, which conditions the increase in performance per one unit of planted area [12, 30] .
The study on the impact of nanocomposites on photosynthetic apparatus of corn plants.
It was established that the presowing treatment of seeds with aqueous solutions of nanocomposites, based on saponite, increased the area of a leaf plate by 20.4 % on average compared to the control. The highest increase in the area of a corn leaf plate was noted at the impact of nanocomposite Nb-Saponite (Et) in the concentration of 300 mg/l -this index increased by 44.5 %. At the impact of nanocomposites Saponite (H) and Nb-Saponite (Cl) this index exceeded the control by 2 and 25 % on average respectively (Fig. 5) .
The performance of photosynthesis processes is closely related to chlorophyll of leaves which plays the role of a sensibilizator, i.e. a substance, absorbing light [31] . Chlorophylls ɚ and b are relevant photosynthesizing pigments of higher plants, which are Mg-containing porphyrins, most of them are included into the composition of light-collecting complexes, ensure absorption and transfer of light energy to reaction centers where photosynthetic reactions take place [32] . With the participation of pigments, the energy of light quantum is transformed into macrocompounds, which are further used for the synthesis of organic compounds in a plant.
The spectrophotometric analysis revealed that during the phase of three leaves the chlorophyll content in corn plants of hybrid Kharkivskyi 340 MV, which was previously treated with nanocomposites, increased by 21.8 % compared to the control. The same regularity was also revealed for chlorophyll b, and the number of chlorophylls in plant leaves increased by 4.3 % on average compared to the control.
After the previous treatment of corn seeds with nanocomposites Saponite (H) Nb-Saponite (Cl) and NbSaponite (Et), the content of chlorophylls ɚ and b increased by 15.5 and 2 %, 28.9 and 13 %, and 26.7 and 4.3 % on average compared to the control.
The highest content of chlorophyll ɚ was noted in hybrid corn leaves, whose seeds were treated with solvents of nanocomposites Nb-Saponite (Et) and Nb Saponite (Cl) in the concentration of 300 mg/l, and it A high content of chlorophyll b was observed at the impact of nanocomposites based on Nb-Saponite (Et) in the concentration of 300 mg/l and Nb-Saponite (Cl) in the concentration of 600 mg/l, it was 0.29 mg/g and 0.29 mg/g, whereas in the control it was 0.23 mg/g (Table 5 ).
There was a noted increase in the sum of chlorophylls (a+b) in variants of plants, whose seeds were previously treated with nanocomposites Nb-Saponite (Cl) and Nb-Saponite (Et) in the concentration of 300 mg/l by 41.2 and 40.6 % respectively compared to the control.
A photosynthetic apparatus is very sensitive to stress factors, the determination of the impact of different factors on the condition of plants requires application of express and informative methods which would allow conducting analyses both in laboratory and ¿ eld conditions with minimal disruption of the integrity of the investigated objects. These methods include the method of À uorescence induction of chlorophyll, which is widely used in modern studies of photosynthetic processes [33] [34] [35] .
The kinetics of changes in the curves of À uorescence induction of chlorophyll was determined by a portable device, a À uorimeter «Floratest», developed by the State scienti¿ c-engineering center of microelectronics at the Institute of Cybernetics named after V.M. Hlushkov (Ukraine).
The À uorescence induction of chlorophyll was measured in corn plants in the phase of three leaves on identical levels (Fig. 6) , the plants, whose seeds were previously treated with water, were used as the control, the experimental samples were found in plants, whose seeds were treated with nanocomposites in the concentrations of 300 mg/l, as this concentration increased sowing qualities of seeds and growth indices of plants.
The index of background À uorescence (F 0 ) characterizes the amount of inactive chlorophyll, which does not have any functional relation with the reaction centers i.e. it serves as the initial level of FIC. It depends on the to 512 c.u. and it was higher than the index in control plants, which was 347 c.u. (Table 6 ). It demonstrated a higher number of antenna chlorophylls in the investigated samples compared to the control, such data may be explained by a structural change in pigment complex of corn plants at the action of nanocomposites.
At the action of nanocomposites Saponite (H), NbSaponite (Cl) and Nb-Saponite (Et) the index d F pl increased by 20.8, 29.2 and 25 % on average respectively compared to the control. These data demonstrate the increase in the value of À uorescence from F 0 to F pl in plants at the action of nanomaterials.
The stationary level of À uorescence is characterized by a dynamic equilibrium between the processes, conditioning the increase in À uorescence, and the proces-ses, causing its decrease. At the action of nanocompo-sites in plants, the index F st was 35 % higher on average compared to the control. Index F max indicates the highest level of À uorescence, registered on the induction curve as its maximum. The highest value F max was registered for plants, treated with nanocomposite Nb-Saponite (Cl), and it was 2176 c.u.
The variability of À uorescence (F v ) is calculated as the difference between indices F max and F o and is a physiological index, reÀ ecting the action of environmental and experimental factors of a plant. At the action of nanocomposites Saponite (H), Nb-Saponite (Cl) and Nb-Saponite (Et), this index in plants was 1472, 1664 and 1472 c.u., whereas in the control it was 1184 c.u. These data con¿ rm the impact of nanomaterials on physiological processes in plants.
Indices F v /F max depend on the ef¿ ciency of photochemical reactions of a photosystem (PS) 2 [22] . In dark-adapted plants this coef¿ cient reÀ ects the potential quantum ef¿ ciency of PS 2, which is used as an indicator of photosynthesis performance, the optimal value for which for most species of plants in conditions of saturated intensity of exciting light does not exceed the value of 0.83. According to the data of studies, the index F v /F max in the control and experimental plants was in the range of 0.75-0.77 c.u., which proves a normal course of photosynthesis both in control and experimental plants.
The ef¿ ciency of photochemical energy transformation in PS 2 was calculated by the formula (F max -F st )/F st , which characterizes the rate of linear transportation of electrons. It is an integral index of photosynthesis, which changed in the investigated plants from 1.86 to 2.78 c.u.
CONCLUSIONS
The study on the impact of nanocomposites, based on saponite, on biometric and physiological indices of hybrid corn Kharkivskyi 340 MV allows a conclusion on the stimulating action of newly synthesized nanocomposites regarding growth processes in corn plants.
Presowing treatment of hybrid corn seeds with nanocomposite solutions increased the energy of germination, sprouting and length of plants seedlings. At the impact of nanocomposite Nb-Saponite (Et) in the concentration of 300 mg/l the energy of germination increased by 10.6 %, seed germination was 100 %, the lengths of a stem part of seedlings increased twice, and the root part increased by 30 %.
Newly synthesized nanocomposites stimulated the growth of hybrid corn plants in the phase of three leaves. After presowing treatment of seeds with nanocomposites the height of a plant stem exceeded the control by 26 % on average, the length of the root system increased twice on average, the mass and area of a leaf plate of plants increased. It was noted that the impact of nanocomposites led to the increase in the number and length of roots, stimulated the development of additional roots, and the formation of root ¿ brilla.
The spectrophotometric analysis demonstrated an increase in the sum of chlorophylls (a + b) in the leaves of plants, whose seeds had previously been treated with nanocomposites. A detailed analysis of Kautsky curve indices in the control and experimental plants demonstrated that newly-synthesized nanocomposites did not cause any disruptions in the processes of À uorescence induction of chlorophyll.
ESTIMATION OF THE EFFICIENCY OF APPLYING NANOCOMPOSITES
ɐɟɥɶ. Ɉɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɤɨɦ-ɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɚɩɨɧɢɬɚ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɛɢɨɦɟɬ-ɪɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɝɢɛɪɢɞɚ ɤɭɤɭɪɭɡɵ ɏɚɪɶɤɨɜɫɤɢɣ 340 Ɇȼ. Ɇɟɬɨɞɵ. Ʌɚɛɨɪɚɬɨɪɧɵɟ (ɦɟɬɨɞ ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, ɦɟɬɨɞ ɢɧɞɭɤɰɢɢ ɮɥɸɨɪɢɫ-ɰɟɧɰɢɢ ɯɥɨɪɨɮɢɥɥɚ, ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɡɟɥɟɧɵɯ ɩɢɝɦɟɧɬɨɜ, ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɛɢɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɫɬɟɧɢɣ), ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ. Ɋɟɡɭɥɶɬɚɬɵ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞ-ɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɧɚɧɨɤɨɦ-ɩɨɡɢɬɨɜ ɧɚ ɛɢɨɦɟɬɪɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɝɢɛɪɢɞɚ ɤɭ-ɤɭɪɭɡɵ ɏɚɪɶɤɨɜɫɤɢɣ 340 Ɇȼ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɟɞ-ɩɨɫɟɜɧɚɹ ɨɛɪɚɛɨɬɤɚ ɫɟɦɹɧ ɤɭɤɭɪɭɡɵ ɜɨɞɧɵɦɢ ɪɚɫɬɜɨ-ɪɚɦɢ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɚɩɨɧɢɬɚ ɜ ɤɨɧɰɟɧ-ɬɪɚɰɢɢ 300 ɦɝ/ɥ ɫɬɢɦɭɥɢɪɨɜɚɥɚ ɪɨɫɬɨɜɵɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɫɬɟɧɢɣ. ɉɪɟɞɩɨɫɟɜɧɨɟ ɡɚɦɚɱɢɜɚɧɢɟ ɫɟɦɹɧ ɜ ɪɚɫɬ-ɜɨɪɚɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɩɨɜɵɲɚɥɨ ɷɧɟɪɝɢɸ ɩɪɨɪɚɫɬɚɧɢɹ, ɜɫɯɨɠɟɫɬɶ ɢ ɞɥɢɧɭ ɩɪɨɪɨɫɬɤɨɜ ɝɢɛɪɢɞɚ ɤɭɤɭɪɭɡɵ. Ɂɚ ɞɟɣɫɬɜɢɹ ɧɚɧɨɤɨɦɩɨɡɢɬɚ Nb-Saponite (Et) ɜ ɤɨɧɰɟɧɬɪɚ-ɰɢɢ 300 ɦɝ/ɥ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ ɩɪɨ-ɪɚɫɬɚɧɢɹ ɧɚ 10,6 %, ɞɥɢɧɵ ɫɬɟɛɥɟɜɨɣ ɱɚɫɬɢ -ɜ 2 ɪɚɡɚ, ɤɨɪɧɟɜɨɣ ɫɢɫɬɟɦɵ -ɧɚ 30,3 % ɢ ɥɚɛɨɪɚɬɨɪɧɚɹ ɜɫɯɨɠɟɫɬɶ ɫɟɦɹɧ ɫɨɫɬɚɜɥɹɟɬ 100 %. ȼɵɫɨɬɚ ɫɬɟɛɥɹ ɪɚɫɬɟɧɢɣ ɤɭɤɭɪɭɡɵ ɜ ɮɚɡɟ ɬɪɟɯ ɥɢɫɬɶɟɜ ɩɨɫɥɟ ɩɪɟɞɩɨɫɟɜɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɟɦɹɧ ɧɚɧɨɤɨɦɩɨɡɢɬɚɦɢ Saponite (H), Nb-Saponite (Cl) ɢ Nb-Saponite (Et) ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 300 ɦɝ/ɥ ɩɪɟɜɵɲɚɥɚ ɤɨɧɬɪɨɥɶ ɧɚ 31,7, 26,2 ɢ 42, 7 %, ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɞɥɢɧɚ ɤɨɪɧɟɜɨɣ ɫɢɫɬɟɦɵ ɜɨɡɪɚɫɬɚɥɚ ɜ 2 ɪɚɡɚ. Ɂɚ ɞɟɣɫɬɜɢɹ Saponite (H) ɢ Nb-Saponite (Cl) ɭɜɟɥɢɱɢɜɚɥɨɫɶ ɤɨɥɢɱɟɫɬɜɨ ɢ ɞɥɢɧɚ ɝɥɚɜɧɵɯ ɤɨɪɧɟɣ ɤɭɤɭɪɭɡɵ, ɚ Nb-Saponite (Et) ɫɬɢɦɭɥɢɪɨɜɚɥ ɪɚɡɜɢɬɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɨɪɧɟɣ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɪɧɟɜɵɯ ɜɨ-ɥɨɫɤɨɜ. ɉɪɟɞɩɨɫɟɜɧɚɹ ɨɛɪɚɛɨɬɤɚ ɫɟɦɹɧ ɤɭɤɭɪɭɡɵ ɪɚɫɬ-ɜɨɪɚɦɢ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ Saponite (H), Nb-Saponite (Cl), Nb-Saponite (Et) ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 300 ɦɝ/ɥ ɫɩɨɫɨɛɫɬɜɨ-ɜɚɥɚ ɭɜɟɥɢɱɟɧɢɸ ɜɟɝɟɬɚɬɢɜɧɨɣ ɦɚɫɫɵ ɧɚ 35, 27,9 ɢ 56,4 %, ɱɟɦ ɜ ɤɨɧɬɪɨɥɟ. ɉɥɨɳɚɞɶ ɥɢɫɬɨɜɨɣ ɩɥɚɫɬɢɧɤɢ ɪɚɫɬɟɧɢɣ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɭɜɟɥɢɱɢ-ɜɚɥɚɫɶ ɜ ɫɪɟɞɧɟɦ ɧɚ 20,4 %. Ɉɬɦɟɱɟɧ ɪɨɫɬ ɫɭɦɦɵ ɯɥɨ-ɪɨɮɢɥɥɨɜ (a + b) ɭ ɪɚɫɬɟɧɢɣ, ɫɟɦɟɧɚ ɤɨɬɨɪɵɯ ɩɪɟɞ-ɜɚɪɢɬɟɥɶɧɨ ɨɛɪɚɛɨɬɚɧɧɵɟ ɧɚɧɨɤɨɦɩɨɡɢɬɚɦɢ Nb-Saponite (Cl) ɢ Nb-Saponite (Et) ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 300 ɦɝ/ɥ ɧɚ 41,2 ɢ 40,6 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤ ɤɨɧɬɪɨɥɸ. ȼɵɜɨɞɵ. ɉɪɢɦɟɧɟɧɢɟ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɫɚɩɨɧɢɬɚ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ 300 ɦɝ/ɥ ɞɥɹ ɩɪɟɞɩɨɫɟɜɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɟɦɹɧ ɤɭɤɭɪɭɡɵ ɝɢɛɪɢɞɚ ɏɚɪɶɤɨɜɫɤɢɣ 340 Ɇȼ, ɜɵɡɵ-ɜɚɟɬ ɚɤɬɢɜɚɰɢɸ ɪɨɫɬɨɜɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɭɥɭɱɲɚɟɬ ɩɪɨ-ɰɟɫɫ ɩɪɨɯɨɠɞɟɧɢɹ ɮɨɬɨɫɢɧɬɟɡɚ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɚɧɨɤɨɦɩɨɡɢɬɵ, ɤɭɤɭɪɭɡɚ, ɫɟɦɟɧɚ, ɪɨɫ-ɬɨɜɵɟ ɩɪɨɰɟɫɫɵ, ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɫɬɟɛɟɥɶ, ɤɨɪɧɟɜɚɹ ɫɢɫɬɟɦɚ.
